Introduction: Although known as cytolytic viruses, group B coxackieviruses (CVB) are able to establish a persistent infection in vitro and in vivo. Viral persistence has been reported as a key mechanism in the pathogenesis of CVB-associated chronic diseases such as type 1 diabetes (T1D). The impact of CVB4 persistence on human pancreas ductal-like cells was investigated. Methods: A persistent CVB4 infection was established in ductal-like cells. PDX-1 expression, resistance to CVB4-induced lysis and CAR expression were evaluated. The profile of cellular microRNAs (miRNAs) was investigated through miRNA-sequencing. Viral phenotypic changes were examined, and genomic modifications were assessed by sequencing of the viral genome. Results: The CVB4 persistence in ductal-like cells was productive, with continuous release of infectious particles. Persistently infected cells displayed a resistance to CVB4-induced lysis upon superinfection and expression of PDX-1 and CAR was decreased. These changes were maintained even after virus clearance. The patterns of cellular miRNA expression in mock-infected and in CVB4-persistently infected ductal-like cells were clearly different. The persistent infection-derived virus (PIDV) was still able to induce cytopathic effect but its plaques were smaller than the parental virus. Several mutations appeared in various PIDV genome regions, but amino acid substitutions did not affect the predicted site of interaction with CAR. Conclusion: Cellular and viral changes occur during persistent infection of human pancreas ductal-like cells with CVB4. The persistence of cellular changes even after virus clearance supports the hypothesis of a long-lasting impact of persistent CVB infection on the cells.
Introduction type B coxsackieviruses (CVB) are small non-envelopped RNA viruses that belong to the Picornaviridae family and the Enterovirus genus. This highly diverse genus currently includes 7 species that are involved in human diseases, and CVB (1) (2) (3) (4) (5) (6) are classified in the Enterovirus-B species.
1,2 CVB can cause severe acute clinical features such as meningitis, encephalitis, myocarditis, pancreatitis, hepatitis or fulminant sepsis in newborns 2, 3 but these viruses are also reported to play a role in the development of chronic diseases like dilated cardiomyopathy or type 1 diabetes (T1D). 4, 5 InT1Dpatients,theinfectionofpancreaticcellswithenteroviruses,especiallyCVB,hasbeenreported. [6] [7] [8] [9] Thepancreasis well known as one of the major targets of CVB. This tropism is supported by the expression of CAR, the specific receptor of CVB in the pancreas. 10, 11 In humans, pancreatic islets and especially b cells, 6, 7, 12 and rarely exocrine cells 13, 14 were found tobesusceptibletoenteroviralinfection.
CVB can effectively induce lytic infection in pancreatic cells. [15] [16] [17] However this scenario of acute massive infection is not compatible with T1D which is an autoimmune disease with a progressive evolution, and the implication of the virus is believed to rely on the immune response. 5 Therefore, the most likely situation would be a persistent CVB infection probably with low grade viral replication. Indeed, CVB are able to establish persistent infection in vitro as well as in vivo. 18 Viral persistence has been suggested as a major mechanism in the enteroviral pathogenesis of CVB-related chronic diseases such as T1D. 19, 20 Previous in vitro studies confirmed that CVB can persist in pancreatic islets. The persistent infection of b cells resulted in the production of significant levels of IFNa, 21 and in a disturbance in the function of these cells. 22 The persistence of CVB4 in human pancreatic ductal cells resulted in an impaired formation and viability of isletlike cell aggregates.
Two main types of persistent viral infections have been described in vitro: steady-state infections and carrier-state infections. In steady-state infections, almost all the cells are infected with no lytic replication cycle, whereas in carrierstate culture systems, only a small proportion of cells are involved with a significant virus replication. 18, 24 Data available on CVB persistence in vitro are compatible with a carrier-state persistent infection. 18, 25, 26 Virus persistence is thought to result from a coevolution between the host cell and the virus, and this supposes changes in some of their characteristics 18 Viral factors during CVB persistence have been studied in several reports. These factors include genomic changes such as mutations with amino acid substitutions, 27 a deletion in the 5 0 non coding region, [28] [29] [30] [31] or the persistence as a stable and atypical double-stranded RNA genomic form. 32 Among host factors, the role of a reduced expression of receptors 18, 33, 34 and the cellular activation status have been reported. [35] [36] [37] Other cellular factors such as miRNAs could also play a role in viral persistence. 38 MicroRNAs are a recently discovered class of small non coding RNAs that act via endogenous RNA interference. 39, 40 An association between miRNAs and non-lytic herpesvirus and hepatitis C virus infection has been reported. 41, 42 Recent reports support the role of miRNAs in enterovirus pathogenesis. 43 An improved understanding of the impact of viral persistence on the host cell and the virus could provide new insights into the enteroviral pathogenesis of T1D.
In this study, we investigated the changes in host cell and virus during persistent CVB4 infection in a model of human pancreatic ductal-like cells.
Results

Persistent CVB4 infection in ductal-like cells
CVB4 infection in Panc-1 cells usually results in acute lysis with cytopathic effect (CPE) observable within a few days, depending of the infection dose (Fig. 1a) . When the acute infection step was controlled namely by removing excess virus, cell proliferation gradually resumed and was maintained in the presence of the virus. After a few weeks of subculture (an average of 5 weeks), the morphology of infected cells was quite similar to that of uninfected cells (See Fig. 1a) . The persistent infection was productive, and infectious particles were continuously released in the supernatants with a mean viral titer between 3 and 7 logs TCID 50 /mL (Fig. 1b) . The mean amount of intracellular viral RNA was constant between 5 and 6 logs copies/ng of total RNA throughout the follow-up, as shown in Fig. 1c .
In the model of ductal-like cells persistently infected with CVB4 the impact of the infection on the cells was investigated. The expression of PDX-1 mRNA was reported to decline in CVB4 persistently infected cells. 23 This observation was confirmed in the current study by using real-time RT-qPCR. The expression of PDX-1 at 20 weeks of chronic infection was around 14%, as compared with uninfected cells (Fig. 1d) .
Resistance of CVB4 persistently infected cells to lysis upon superinfection
The impact of superinfection on persistently infected cells was investigated. Uninfected and CVB4 persistently infected cells were infected with CVB4 (from the same stock that was used to establish persistent infection) at a MOI of 10. On day 2 post infection, cell viability remained unchanged in persistently infected cells, while a dramatic decrease was observed in previously uninfected cells (Fig. 2a) . The level of infectious particles in supernatants collected at 24h and 72h post infection was determined. The virus replication was highly effective in uninfected cells with a viral titer reaching 10 10 TCID 50 /mL at 72h post infection. In contrast, viral titers before and after superinfection were similar in CVB4 persistently-infected cells, as shown in Fig. 2b . At 72h post infection, cells were harvested, washed and the level of intracellular viral RNA was evaluated by realtime RT-qPCR. Upon infection, intracellular viral RNA in uninfected cells was around 6 log copies/ng of total RNA, compatible with an acute infection. The intracellular viral load remained unchanged after superinfection in CVB4 persistently infected cells (Fig. 2c ). These observations suggest that persistent infection protected cells from superinfection. We reasoned that this might be due to reduced expression of CAR, the main receptor used by CVB4. The level of CAR mRNA in persistently-infected cells gradually declined and reached less than 3% at 22 weeks post-infection, compared with uninfected cells (Fig. 3) .
Persistent reduced expression of PDX-1 and CAR in CVB4 persistently infected ductal-like cells after viral clearance
We hypothesized that changes induced in persistentlyinfected cells could persist after viral clearance. To test this hypothesis, persistent infection was completely cured by fluoxetine, as previously reported. 44 One year after the end of treatment we found that PDX-1 expression was still significantly reduced in persistently infected cells that had been cured by fluoxetine (18.2% and 17.8% respectively in untreated and cured cells, compared with uninfected cells) (Fig. 4a) . In addition, CVB4 superinfection studies were performed in CVB4 persistently infected cells that were cured by fluoxetine, one year after the end of treatment. There was no cell lysis in cured cells (Fig. 4b) ; nevertheless the cells were readily infected, as supported by quantity of viral progeny in supernatants (Fig. 4c) , and of intracellular viral RNA (Fig. 4d) . CAR expression was evaluated in cell cultures cured with fluoxetine. CAR mRNA levels increased significantly in cured cells compared with persistently infected cells (65% versus 3.8% of the expression in uninfected cells, p < 0.0001) (Fig. 4e) . However, the membrane expression of CAR on infected and cured cells remained similar (Fig. 4f) . 
Pattern of cellular miRNAs in ductal-like cells persistently infected with CV-B4
The expression of miRNAs in CVB4 persistently infected and uninfected cells was evaluated through miRNA sequencing. The miRNA profile was clearly different in persistently infected cells, as compared with uninfected cells (Fig. 5a) . A total of 81 miRNAs displayed a significant differential expression (fold change 3, p< 0.05) including 65 upregulated and 16 downregulated miRNAs (Fig. 5b) . The expression pattern determined by miRNA sequencing was confirmed by taqman RT-qPCR for 2 miRNAs that were described in the literature to be related to enteroviral infection: miR-146a-5p (upregulated) and miR-23b (downregulated) [45] [46] [47] [48] ( Fig. 5c-d ). The levels of miR-146a-5p and miR-23b in ductal-like cells acutely infected with CV-B4 were also determined. These miRNAs were upregulated and downregulated respectively in ductal-like cells persistently infected with CVB4 whereas their levels in cells acutely infected harvested on day 2 p.i were unchanged compared with uninfected cells (see Fig. 5d ).
Three miRNAs were selected for further study, including the 2 previous and miR-138-5p that was predicted to target the 3 0 non coding region of CVB4-E2 using RegRNA 2.0 software (with default settings). The transfection of mimics of these 3 miRNAs ( Fig. 6a-c ) had no impact on viral replication ( Fig. 6d-e) .
MiR-146a-5p was predicted to target CAR gene using miRWalk 2.0 software (with default settings). The transfection of miR-146a mimic (Fig. 6f ) did not impact CAR mRNA expression (Fig. 6g) . 
Characterization of persistent infection-derived CVB4
The persistent infection of ductal-like cells cultures resulted in cellular modifications. We wondered whether changes affecting the virus also occurred during the persistent infection. Similarly to the parental virus, the persistent infection-derived virus (PIDV) can induce cytopathic effect (CPE) in several cell lines such as HEp-2, Panc-1 or RD cells (data not shown). The aspect of plaques induced on HEp-2 cells by the PIDV was compared with the parental virus. The virus emerging from persistent infection induced only tiny plaques on HEp-2 cells, while the parental virus was able to produce larger size plaques (Fig. 7a) . The levels of infectious particles and viral RNA of PIDV and parental virus suspension were determined. The proportion of infectious particles, as evaluated by the ratio between viral titer and the viral RNA load, was lower in PIDV compared with parental virus (p D 0.01) (Fig. 7b) .
Thereafter, whole viral genome deep sequencing was performed on both parental virus and PIDV, using 2 independent acute and persistent infections. A total of 105 cumulated mutations were observed in various regions of PIDV (as compared with parental virus), with 40 aminoacid substitutions.VP1 and 2A proteins were more commonly affected, with 9 and 11 amino-acid substitutions respectively. Only one silent mutation (A1854G) was shared by viruses derived from 2 independent cultures of ductal-like cells persistently infected with CVB4 E2.
Recently it was reported that amino acid residues highly conserved among type B coxsackieviruses located in the north rim of the canyon (VP1) and in the puff region (VP2), represent the footprints of CVB3 on CAR. 49 To infestigate whether changes had occurred in these regions, mutations in PIDV with a frequency 20% were integrated in silico in the nucleotide sequence of the CVB4 E2 reference strain. Amino acid sequences were obtained by using blastx (NCBI). VP1 and VP2 sequences were aligned with sequences corresponding to CVB3/28 and CVB3/Nancy strains, using Uniprot software. Fig. 8 shows that the footprints of CVB4 E2 on CAR were conserved in PIDV. In addition, a modeling of interaction between CAR and VP1, based on residues described for CVB3 showed similar patterns for both the initial stock virus and PIDV (see Fig. 9 ).
Discussion
The persistence of cytolytic viruses such as enteroviruses may be viewed as the result of host immune pressure, or as a pathogenesis mechanism. Group B coxsackieviruses associated chronic diseases such as T1D have been linked at least partially to virus persistence. In T1D, primary target cells are b cells within the pancreatic islets, but evidence of virus detection in others cell populations such as pancreatic ductal cells, has also been reported. 9 The role of pancreatic ductal cells in the homeostasis of pancreas is important since they are thought to contribute to the replenishment of b cells through transdifferentiation. 50 Interestingly, CVB4 persistence in pancreatic ductal cells was previously reported to induce a decrease of PDX1, also known as insulin promoter factor 1, which is a transcription factor necessary for pancreatic development, including b cells maturation, and duodenal differentiation. 23 In this study we confirmed this finding using real-time RT-qPCR. Moreover we have observed several changes in ductal-like cells persistently infected with CVB4.
The persistently infected cells displayed a resistance to lysis when exposed to a superinfection with CVB4. In addition, viral progeny and intracellular RNA remained unchanged after superinfection, suggesting a lack of entry or a limited entry of the challenging virus in these cells. Reduced virus entry could be explained by a decrease of cell susceptibility, as supported by the significant decrease of the CAR molecule in cells during CVB4 persistent infection. Our results are in agreement with previous reports. Indeed, resistance to lysis associated with a decrease of CAR expression was found during CVB3 persistence in a murine cardiac myocyte cell line. 18 The persistently infected cells were completely cured by using fluoxetine, and then subcultured for one year. The expression of PDX-1 was still reduced in cured cells at similar levels than in untreated cells. In addition, fluoxetine cured cells conserved the resistance to CVB4-induced lysis observed in persistently infected cell cultures. A similar observation was reported in CVB3 chronically-infected murine myocytes that were cured using soluble CAR. 18 It is noteworthy that the level of CAR mRNA increased significantly in cured cells whereas membrane expression did not change. Indeed CAR was barely detectable at the membrane of cured or untreated CVB4 persistently infected cells. This discrepancy between mRNA and membrane expression may be explained by the fact that flow cytometry evaluated CAR membrane isoforms only while mRNA levels reflect the expression of both membrane and solubles isoforms. 51, 52 It cannot be excluded that the expression of CAR soluble isoforms, but not of membrane isoforms, increased in cured cells in our experiments.
Altogether, observations in cured and untreated persistently infected cells suggest that the resistant phenotype was associated with a decrease in membrane CAR expression; however cured cells remained susceptible to CVB4 infection. This resistance phenotype probably involves many other factors such as reprogramming or epigenetic changes, and deserves further investigation.
To the best of our knowledge, this is the first observation of an impact of enteroviral persistence onto the cellular miRNAs.
In this study, the patterns of cellular miRNAs in mock-infected and in CVB4-persistently infected ductal-like cells were clearly different. The technical approach is noteworthy. Indeed miRNA sequencing was performed instead of analyzing a predefined list of miRNAs. This method yielded a high number of miRNAs with significant differential expression (65 upregulated and 16 downregulated). In addition, our results suggest that miRNA expression pattern is different between CVB4 acute and persistent infection. Recently Kim et al. investigated the expression of cellular miRNAs in human pancreatic islets acutely infected with CVB5. The authors reported on day 7 post infection, a modified expression for 33 miRNAs (including 6 upregulated and 27 downregulated) out of 754 analyzed miRNAs. 53 MiR-663b was the only one of our list that was reported in their study.
We have investigated the impact on CVB4 replication of 3 miRNAs (miR-138, miR-23b and miR-146a-5p) potentially playing a role in enterovirus infection. The transfection of miRNAs mimics in ductal-like cells did not induce any change in viral titers determined in supernatants and in intracellular enteroviral RNA levels. Furthermore, miR-146a was predicted to potentially target CAR, and its impact on CAR expression was evaluated. However, in cells transfected with miR-146a mimic (infected with CVB4 or not) the expression of CAR was not different compared with non-transfected cells. It cannot be excluded that the selected miRNAs have other effects than those evaluated in this study, e.g. they can promote antiviral responses or at the opposite participate in the escape to the immune response. The decrease of CAR expression during chronic infection may result from the combined effect of several miRNAs or from other epigenetic changes.
It is well admitted that persistence results from adaptations of both host cell and virus. 24 We therefore analyzed some features of the virus emerging from persistent infection, compared with the parental strain. Both viruses were able to induce a cytopathic effect on several cell lines. However the plaques induced on HEp-2 cells by the persistent infection derived virus (PIDV) were smaller than those induced by the parental strain. This phenotypic change was Figure 8 . CVB4 footprints on CAR during persistent infection in Panc-1 cells. Mutations with a frequency 20% obtained by deep sequencing of 2 CVB4 independent acute infections and 2 independent persistent infections in Panc-1 cells, were integrated in the sequence of the CVB4E2 published strain (Accession number: AF311939.1). Translated amino acid sequences were obtained using blastx (NCBI). VP1(a) and VP2(b) sequences were aligned along with sequences corresponding to CVB3/28 and CVB3/Nancy strains, using Uniprot software. Footprints of the virus on CAR are shown in blue boxes.
previously observed during CVB3 persistence in murine cardiac myocyte cell line. 18 In addition, the proportion of infectious particles compared with the levels of viral RNA was lower in PIDV, than in parental strain, which may be explained by genomic changes resulting in an impaired replication of the virus.
We report in this study for the first time, a whole genome deep sequencing analysis of an enterovirus emerging from persistent infection. As compared with the parental strain, several mutations appeared throughout the viral genome during the persistence of CVB4 in ductal-like cells. The mutations with amino-acid substitutions affected mainly VP1, VP2, 3D, 2A and 2C regions. Whether these mutations play a role in viral adaptation or phenotypic changes requires further investigations.
In previous studies various regions of enterovirus genome were analyzed, but no consistent mutation has been reported to be associated with enterovirus . The CVB4 E2 strain used in our laboratory (stock virus) was sequenced on a Ion PGM TM deep sequencing platform, and mutations with a prevalence higher that 20% were introduced in the CVB4 E2 published full genome sequence (AF311939.1). The VP1 model was built using PDB:1COV as template. Bounds were observed with 3 VP1 amino-acids (ASN 214, ASN 215, GLY 217) including 2 residues observed in CVB3 model (ASN 214, ASN 215 that correspond to ASN 211 and ASN 212 in CVB3 reading frame). (e-f) Interaction between CAR and Coxsackievirus B4 derived from persistent infection in Panc-1 cells (PIDV). PIDV sequence was determined as described above. The VP1 model was built using PDB:1COV as template. Bounds were observed with the same residues (ASN 214, ASN 215, GLY 217) as compared with the initial stock virus. Nucleotides sequences were translated in proteins using BlastX (NCBI). Models were created using Swiss model (https://swiss model.expasy.org/). Docking data were obtained from Zdock server (zdock.umassmed.edu/) and interactions investigated using Biova/ Discovery Studio 2016 software (Accelry Inc.). Conventional hydrogen bounds are shown in green dotted and carbon hydrogen bound in black dotted.
persistence.
27,54-57 However, another team focused on the 5 0 non coding region and observed deletions with size ranging from 7 to 49 nucleotides. These terminallydeleted persistent variants were not able to induce CPE, and have been observed in vitro as well as in vivo.
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Genome sequencing did not reveal such variants in our system, in agreement with the fact that PIDV was able to induce a CPE in our experiments.
Furthermore, we demonstrated that the amino-acid changes occurring during persistence in VP1 and VP2 viral capsid proteins did not alter CAR footprints on the virus. This finding suggests that CVB4 can replicate in a CAR-restricted environment, but still maintains its interaction properties with CAR. However the efficiency of PIDV binding to CAR requires additional studies. It cannot be excluded that alternative receptors are used by PIDV. In a previous report, Schmidtke et al. sequenced the genome of a CVB3 strain emerging from persistent infection in a low CAR -expressing fibroblast cell line. This strain exerted higher lytic properties than the parental virus, although it exhibited reduced CAR-binding properties. As a matter of fact the virus emerging from persistent infection acquired the ability to recognize additional receptors, and 4 VP1 amino-acid substitutions were identified to be associated with this phenotype.
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In conclusion, cellular and viral changes occurring during CVB4 persistence in pancreatic ductal-like cells have been investigated. Persistently-infected cells gained a sustained resistance to CVB4 induced cell lysis. CAR expression was reduced and the miRNA profile was modified. Phenotypic and genotypic changes of the virus were also observed reflecting virus adaptation during the persistence. The persistence of CVB in pancreatic cells induced changes that were maintained even after virus clearance. Further investigations are needed to elucidate the mechanisms of the persistence of CVB4 in pancreatic cells and of the sustained impact of the virus on these cells.
Material and methods
Cells and virus
The human ductal cell line Panc-1 (ATCC) was cultured in Dulbecco's modified Eagle's medium supplemented with 10% of heat inactivated fetal calf serum (FCS), 1% of L-glutamine and 1% of penicillin and streptomycin. HEp-2 cells (BioWhittaker) were grown in minimum essential medium supplemented with 10% of FCS, 1% of L-glutamine, 1% of non-essential amino acids and 1% of penicillin and streptomycin. HEp-2 cells were used for the production and titration of the virus.
The diabetogenic CVB4 E2 strain kindly provided by Ji-Won Yoon (Julia McFarlane Diabetes Research Center, Calgary, Alberta, Canada) was propagated in HEp-2 cells. Briefly, after 3 freeze-thaw cycles, the suspension was collected and clarified at 2000 g for 10 min at 4 C. Aliquots of virus preparations were stored at ¡80 C. The CVB4 E2 strain was isolated by Yoon et al. from the pancreas of a child with recently diagnosed type 1 diabetes and is diabetogenic in mice. 58 
Persistent CVB4 infection in Panc-1 cells
The persistent infection in Panc-1 cells was established as described previously 23 with slight modifications. Briefly, a 25 cm 2 Nunc Ò cell culture flask (Thermofisher Scientific, Villebon, France) containing an average of 10 6 cells was inoculated with CVB4E2 at a multiple of infection (MOI) of 0.01. During the acute lytic infection, the culture medium was regularly changed, and finally a stable equilibrium was found between viral replication and cell proliferation. The cells were scraped and subcultured once a week. Supernatants and cells were periodically collected for analysis. CVB4 and mock-infected cells were processed identically. Persistently infected cells can be frozen and stored in liquid nitrogen, with maintenance of infection after thawing.
Viral progeny in supernatants
The viral titer in supernatants of infected cells was assessed using the end-point dilution assay, and the Spearman-Karber statistical method was used to determine the tissue culture 50% infectious dose (TCID 50 ).
Virus plaque assay
HEp-2 cells were cultured in a 6-well culture plate as confluent monolayers at a density of 10 6 cells/well. After 24 h, medium was removed and cells were washed once with PBS and overlaid with 3 mL of dilutions of the virus suspension, and then incubated at 37 C for 2 h. After removal of the supernatant, cells were overlaid with 3 ml of agar containing Eagle's minimal essential medium (MEM).Three days later, the cells were fixed with 10% PFA for 2 h. After removal of PFA and agar, cells were stained with 1% cristal violet for 30 minutes. After washing and drying the plaques were observed and counted.
Enterovirus RNA quantification
Total RNA was extracted from Panc-1 cells using TriReagent Ò RNA isolation reagent/ Chloroform procedure (Sigma). Extracted RNA was then dissolved in 50 mL of nuclease free water, quantified with a Nanodrop Ò spectrophotometer (Thermofisher Scientific).
The Affinityscript Ò QPCR cDNA Synthesis kit (Agilent technologies, Les Ulis, France) was used for the ARN retrotranscription step on a Perkin Elmer 2400 thermocycler (Villebon-sur-Yvette, France). Quantitative real-time PCR for cDNA amplification was performed with the Brilliant Ò II QPCR kit (Agilent technologies) on the Mx3000p
Ò instrument (Agilent technologies). Enterovirus 71 RNA (Vircell, Granada, Spain) was used as standard for quantification. The oligonucleotides and the reaction conditions were described previously. 59 
Cell viability assay
The cell viability was assessed using the crystal violet assay. Cells seeded in a 96-well plate were washed once with PBS and incubated with crystal violet at 37 C for 20 minutes. Then, crystal violet was removed and cells layers were extensively washed in tap water by immersion in a large beaker. The dissolution of crystal violet remaining inside cells was performed by incubation with 1% SDS at 37 C for 15 minutes. Upon solubilization, the absorbance in each well was read at 595 nm.
Fluoxetine treatment
The treatment of persistently infected cells was performed as described previously. 44 Briefly Panc-1 cells persistently infected with CVB4 were treated twice a week with fluoxetine at 5.5mM, and virus was completely cleared within 3 weeks.
PDX-1 and CAR gene expression
RNA extracts were treated with DNAse I (Qiagen, Les Ulis, France). The quantification of PDX-1 mRNA and GAPDH mRNA (house-keeping gene) was performed by using the Taqman gene expression assays (hs00236830 and hs03929097, respectively) (Thermofisher Scientific). The cDNA synthesis was performed with the Highcapacity cDNA reverse transcription kit (Thermofisher Scientific), and the Taqman Universal Master Mix II, no UNG (Thermofisher Scientific) was used for real-time qPCR according to the manufacturer's instructions. CAR mRNA was quantified by real-time RT-qPCR by using the SuperScript III Platinum One-Step Quantitative RT-PCR System (Thermofisher Scientific) and oligonucleotides described by Lam and colleagues. 60 The quantification was performed on the Mx3000p Ò instrument (Agilent technologies) with the following program: 50 C for 15 minutes, 95 C for 2 minutes, and 40 cycles of amplification consisting of 15 seconds at 95 C and 30 seconds at 60 C. The expression of the b-actin mRNA was used for normalization.
PDX-1 and CAR mRNA relative expression in infected vs. noninfected cells was determined with the 2 ¡DDCt formula. 61 
Flow cytometry
Anti-human CAR mouse IgG1 monoclonal antibody (clone RmcB) and negative control mouse IgG1 monoclonal antibody were purchased from Merck Millipore (Molsheim, France) and used at the supplier's recommended concentrations. Both antibodies were phycoerythrin (PE) -conjugated. Panc-1 cells were detached by trypsinization, washed once in PBS and suspended in FACS Buffer (PBS, 1% BSA). Cell suspensions were incubated at 4 C for 30 min with the appropriate antibodies, and washed 3 times with FACS Buffer. The cells were then fixed in 4% paraformaldehyde, washed once with PBS, and analyzed by flow cytometry on a Navios Flow cytometer (Beckman Coulter, Inc.).
Sequencing of microRNAs
Cells were collected from 4 replicates of CVB4 and mock persistent infection, and washed with PBS. RNA extraction was performed using the miRNeasy mini kit (Qiagen) with a step of on-column DNA digestion using DNase I (Qiagen). Extracted RNA was quantified with a Nanodrop Ò spectrophotometer (Thermofisher) and the quality was assessed using the 2100 Bioanalyzer (Agilent technologies).
Small RNA librairies were prepared from 1mg of total RNA using the Ion Total RNA-Seq Kit v2.0 (Life Technologies, Carlsbad, CA, USA). Barcoded libraries were quantified and assessed for quality using the Agilent 2100 BioAnalyzer (Agilent Technologies). Libraries were pooled in equimolar amounts and sequenced on a Ion PROTON TM Platform using a Ion P1 TM Chip Kit v2 and the Ion P1 TM Sequencing 200 kit v3 (Life Technologies). Primary analysis transforming signal to DNA sequences was done with the default parameters on a Torrent Server 4.0.2 (Life Technologies). Demultiplexing was done with 0 errors allowed in barcodes. Raw reads were analyzed with ncProSeq 1.5.1. 62 For each sample, reproducibility of counts within the 2 barcodes was investigated by Spearman correlation. Each pair of barcodes were then pooled and a new ncProSeq analysis was performed on all samples. The differential Expression of the raw counts obtained from ncProSeq was performed with DESeq2. 63 
Quantification of miRNAs by RT-PCR
The expression of miRNAs was quantified using the TaqMan Ò MicroRNA kits (Thermofisher Scientific). The Taqman MicroRNA Reverse Transcription Kit was used for cDNA synthesis, and the real-time qPCR was performed with the Taqman Small RNA assay (primers and probe) and the Taqman Universal PCR Master Mix II according to the manufacturer recommendations, on the Mx3000p Ò thermocycler (Agilent technologies). RNU6B was used for normalization and the relative expression was determined using the 2 ¡DDCt formula. 61 
Transfection of miRNA mimics/inhibitors
Panc-1 cells were seeded at 0.5£10 5 cells in 0.5 mL complete medium per well in a 24-well plate at 70% confluence. After 24 h, the cells were transfected with specific mirVana TM miRNA mimic, miRNA inhibitor or negative controls (Thermofisher Scientific), by using Lipofectamine Ò RNAiMAX Transfection Reagent (Thermofisher Scientific). After 24h, the transfected or non-transfected cells were then inoculated with CVB4 at MOI 0.01. The virus was removed after 2h by washing 3 times and fresh medium was added. The plate was incubated at 37 C, 5% CO2.
CVB4E2 genome sequencing
Full genome sequencing was performed on virus suspensions resulting from acute and persistent CVB4E2 infection. 2 mL of virus suspension was concentrated 10-fold by using a Vivaspin 6 device (Sartorius, Dourdan, France) with a membrane molecular weight cut-off at 1,000,000 Dalton. The resulting 200mL were RNAse treated and then used for automated RNA extraction on the Magtration System 12GC with the MagDEA Viral DNA/RNA 200 reagents (Precision System Science Co, Ltd, Japan), with a DNase treatment step. cDNA synthesis was performed with the SuperScript III first-strand synthesis system (Invitrogen) and random hexamer primers. The synthesized cDNA was amplified by Multiple Displacement Amplification technology (MDA) following the protocol of the Quantitect Whole transcriptome kit (Qiagen). The amplified cDNA was used to prepare barcoded librairies by using the Ion Xpress Plus Fragment library kit (Thermofisher). After quality assessement and quantification on the Agilent 2100 BioAnalyzer (Agilent), librairies were pooled in equimolar amounts and sequenced on a Ion PGM TM Platform using a Ion 318 TM Chip Kit v2 and the Ion PGM TM HiQ sequencing kit (Life Technologies).
The raw sequences were obtained from the intensities on the Torrent-Server software version 5.0.4 (Life Technologies) with no trimming and default calibration. Demultiplexing was performed by allowing one error by index. Alignment on CVB4E2 was made with the tmap tool with default settings for Torrent Server 5.0.4. The detection of variants was performed with the TSVC tool from Torrent 5.0.4 Server with parameters "SomaticLow-stringency."
Statistical analysis
Data are presented as the mean § the standard deviation. Comparisons were performed using Student t or Mann Whitney U tests, as appropriate. P < 0.05 was considered statistically significant. All analyses were performed with Graph Pad Prism 6.03 software (GraphPad Software, La Jolla, CA).
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